Root constituents of Ligularia longihastata were examined for the first time. Fourteen eremophilane sesquiterpenes, including two new eremophilanes identified as 3-isobutyroyloxy-7H-eremophila-9,11-dien-8-one and 3-angeloyloxy-1,10-epoxyfuranoeremophilan-9-one, and three eudesmanes were isolated. From samples collected in Baiyu County, Sichuan Province, furanoeremophilane derivatives were isolated, while various eremophilan-8-ones were isolated from samples collected in Kangding County, Sichuan. The results suggest chemical diversity in the species.
The genus Ligularia (Asteraceae) in the Hengduan Mountains area of China consists of more than 100 species [1] , providing us with interesting materials for studies of plant diversification. We are studying the diversity in root chemicals, since the roots of Ligularia contain a variety of terpenoids. We also carry out analysis of the nucleotide sequences of evolutionarily neutral DNA regions, including the internal transcribed spacer (ITS)1-5.8S-ITS2 region of the nuclear ribosomal RNA gene cluster, in order to assess the genetic characteristics of samples. So far, we have observed intraspecific diversity in many Ligularia species and have shown that many species produce eremophilane-type sesquiterpenes as major components [2] . Most of the eremophilanes are either furanoeremophilanes or eremophilan-8-ones.
In this report, we describe the first investigation of the chemical constituents of L. longihastata Hand.-Mazz. The species grows on grassy slopes at 3400-3800 m, mainly in the northwestern Yunnan province of China [1] . Three samples (samples 1-3) were collected in Kangding County, Sichuan Province, and two (samples 4 and 5) in Baiyu County, about 250 km west of Kangding.
As a quick survey of the chemical composition, Ehrlich's test on TLC was carried out using EtOH extracts of fresh roots, because many Ligularia species in the Hengduan Mountains have been shown to produce furanoeremophilanes, which are positive to the test [3]. Sample 4 showed a weak blue spot at R f = 0.48 (hexane/EtOAc 7:3), and sample 5 showed two major pink spots at 0.78 and 0.44, suggesting the presence of furanoeremophilane(s). Samples 1-3 were negative to the test. The extracts were also analyzed by LCMS and the total ion chromatograms (TIC) are shown in Figure 1 . The TICs of samples 1-3 were more or less similar to each other, while those of samples 4 and 5 were different from those of samples 1-3 and from each other. The roots of each sample were extracted with either EtOAc or EtOH and compounds therein were separated by standard methods. From the Ehrlich-negative samples (samples 1-3), eremophilan-8ones 1-11 were isolated together with eudesmanes 15-17 and lupeol (19) (Table 1) . From sample 4, two furanoeremophilanes, 12 and 13, were isolated together with -bisabolol (18) . From sample 5, 14 was isolated. Their structures were determined by comparing their spectroscopic data with those described in the literature or, for compounds 9 and 12, which were new, determined as below. These signals indicated that it was similar to 3-isobutyroyloxy-7H-eremophila-9,11-dien-8-one, reported by Neuschwander [4] . However, the 1 H NMR signals were slightly different. 2D NMR spectra of 9 suggested that it was 3-isobutyroyloxy-7Heremophila-9,11-dien-8-one. The configuration at C-7 was established by NOESY ( Figure 3 ), which was supported by a negative Cotton effect at 329 nm [5] . Namely, the sign of the Cotton effect of enone compounds is known to depend on the torsion angle of the C-8 and C-9 bond, which is fixed by the substituent at C-7 [5a]; the negative sign was previously observed for 7-substituted compounds [5b].
The molecular formula of compound 12 was determined to be C 20 H 24 O 5 by high-resolution CIMS [m/z 345.1703 ([M+H] + )] and 13 C NMR data. IR absorptions at 1710 and 1678 cm -1 indicated the presence of conjugated carbonyl groups, which was supported by 13 Figure 4 . The stereochemistry was deduced from the J-values and the key NOE signals ( Figure 4 ). The absolute configuration was presumed to be the same as other furanoeremophilanes obtained from Ligularia, as depicted, and was confirmed by the CD spectrum (positive Cotton effect at 327 nm). Furanoeremophilanes having 1,10-epoxy and 9-oxo moieties are often found in Ligularia [6]; especially, these types of compounds are characteristic of L. cyathiceps [7] . 3-Oxygenated furanoeremophilanes are also very common. However, to the best of our knowledge, 12 is the first example having these functional groups, 1,10-epoxide, 9-oxo, and 3-acyloxy, within a single molecule.
The LC peaks at 14.2, 14.6, 15.6, 15.9, and 16.2 min in samples 1-3 ( Figure 1 ) were due to compounds 1, 2, 5, 4, and 7, respectively. The peak at 11.6 min in sample 4 was due to compound 12, however, the compound for the peak at 14.1 min could not be identified. The peak at 16.0 min in sample 5 was assigned to be 14.
The DNA sequence of the ITS1-5.8S-ITS2 region in the nuclear ribosomal RNA gene cluster was determined for the samples (Table  2) . No significant difference is seen among the samples. Thus, the differentiation observed in the chemicals has not shown up in the sequence of the region. 
Samples 1-3 produced simple eremophilanes 1-11 without a furan moiety, while sample 4, furanoeremophilanes 12 and 13, indicating chemical diversity in the species. Although only 14 was isolated from sample 5, Ehrlich's test indicated that the sample also produced furanoeremophilanes. Compound 14 may be generated from 6-acyloxy-1,10-epoxyfuranoeremophilane(s) during EtOH extraction [8] . The LCMS peaks at t R = 12.7 and 20.2 min showed m/z 231 ([M -acyloxy] + ), suggesting that these compounds were 6acyloxy-1,10-epoxyfuranoeremophilanes. However, their structures could not be deduced because the M + ion was not observed for either compound. Elimination of the C-6 substituent during extraction is often observed in furanoeremophilanes (see ref. [8] and references cited therein).
We previously proposed a hypothesis that furanoeremophilaneproducing Ligularia species, or intra-specific groups, are ecologically advantageous over eremophilan-8-one-producing species [2]. Eremophilan-8-ones, such as 1-11, are considered to be precursors of furanoeremophilanes [9] . Thus, the present results
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In conclusion, it was found that L. longihastata produces eremophilane sesquiterpenes and that the oxidation level of the compounds depended on the collection location. Since eremophilan-8-ones are considered to be precursors of furanoerenophilanes, the population producing the latter is likely to have been derived from a population producing the former. Mass spectra, on a JEOL JMS-700 MStation. Chemcopak Nucleosil 50-5 (4.6×250 mm) with a solvent system of n-hexane-EtOAc or TSK-GEL G1000H HR (7.8×300 mm) with EtOAc were used for HPLC (JASCO pump system). HPLC was also carried out using either a Shimadzu LC-20AT pump with a SPD-20A Prominence UV/VIS detector or a GL Sciences GL-7410 pump with a GL-7450 UV detector, and a Hitachi D-2500 Chromato-Integrator or a Shimadzu C-R8A Chromatopac, with either a GL Sciences Inertsil PREP-ODS column (20 × 250 mm) or a Kanto Mightysil Si60 (10 × 250 mm) column. Silica gel BW-127ZH, BW-300 (Fuji Silysia), Wakogel C-200 or C-300 was used for column chromatography. Silica gel 60 F 254 plates (Merck) were used for TLC. Both LCMS and DNA analyses were carried out as previously described [8] . 
Extraction and separation:
The roots of sample 1 (17.2 g) were cut into pieces and extracted with EtOH for several months at rt. The extract (785 mg) was subjected to silica gel column chromatography (elution with n-hexane-EtOAc, in gradient), followed by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1, TSK-GEL10000H HR , EtOAc) to isolate compounds 1 (18.5 mg) [12] , 2 (27.8 mg) [13] , 3 (1.5 mg) [14] , 4 (39.8 mg) [4] , 5 (106.0 mg) [10] , 7 (22.6 mg) [15] , 8 (1.4 mg) [15] , and 19 (1.5 mg).
From the EtOAc extracts of sample 2 (roots 6.0 g; extract 538 mg), compounds 1 (1.8 mg), 2 (1.5 mg), 3 (3.2 mg), 4 (14.6 mg), 5 (108.6 mg), 6 (5.0 mg) [16] , 7 (29.8 mg), 8 (4.9 mg), 9 (55.8 mg), 10 (1.1 mg) [17], 11 (0.4 mg) [18] , 15 (1.1 mg) [19] , 16 (0.9 mg) [20] , 17 (6.7 mg) [21] , and 19 (2.5 mg) were isolated. From the EtOH extracts of sample 5 (roots 4.1 g; extract 115.0 mg), compound 14 (1.0 mg) [7] was isolated.
3-Isobutyroyloxy-7H-eremophila-9,11-dien-8-one (9) [α] D 21 : +67.0 (c 1.0, EtOH) FTIR: 1728, 1676, 1634 cm -1 . 1 
